sion was diagnosed between 1 and 19 months after discharge from an Ebola treatment center among survivors of EVD in Conakry. 7 Several studies have reported mental health issues in MERSrelated patients. In a study of subjects who had been isolated because they had had contact with a MERS patient, 7.6% showed anxiety and 16.6% had developed feelings of anger during the isolation period. 8 A cross-sectional study that examined the mental health of nurses working at a governmentdesignated hospital during a MERS-Coronavirus (CoV) outbreak revealed that the influences of stigma and hardiness on mental health are partially mediated through stress. 9 Psychological trauma of MERS victims and bereaved families has also been anecdotally reported, 10 as many patients suffer from rumors and discrimination even after being treated and cleared of the disease.
However, few studies have addressed chronic fatigue and mental health among survivors after a MERS infection in South Korea. Moreover, the relationship between them is unclear, although understanding their relationship is important to identify EID survivors who are at high risk for chronic fatigue and mental health problems and to provide targeted interventions and treatments.
Thus, we investigated symptoms of chronic fatigue, PTSD, and depression in survivors after a MERS epidemic and the relationships among them. A serial multiple mediation model with one independent variable was used. The purpose of this study is to examine the longitudinal mediating effects of depressions between chronic fatigue and later PTSSs for the MERS survivors. Through this, we will reveal predictive factors of PTSSs and we would utilize practical interventions for improving the PTSSs through the development of programs. Furthermore, this study will be utilized as a basis to establish the policy to improve the detrimental mental health effects of the EID infection to survivors.
METHODS

Participants and procedures
The study data were obtained from a multi-centered prospective follow-up study of MERS survivors in the Republic of Korea. All survivors with confirmed MERS infection were invited to participate in the study 12 months after the MERS outbreak had ended and follow-up in every 6 months later. Personalized letters and subsequent telephone contact were made to invite subjects to participate, and assessments were arranged.
Of 148 survivors, 72 (48.65%) consented to be registered. The assessments were performed 12 months (T1) and 18 months (T2) after the MERS outbreak in five hospitals: National Medical Center (n=15), Seoul National University Hospital (n=17), Chungnam National University Hospital (n=13), Seoul Medical Center (n=12), and Dankook University Hospital (n=6). All participants visited the hospitals for regular health checkups and completed self-report questionnaires. The complete responses from 63 and 54 participants were gathered at T1 and T2, respectively. Only data from 52 subjects who completed both assessments were analyzed to examine the relationships among the relevant psychological variables.
Variables and measurements
Data on demographic variables including sex, age, job, and marriage were gathered. Data on medical illnesses prior to MERS and a psychiatric history were also collected. Participants completed several scales, including the Fatigue Severity Scale (FSS), the Patient Health Questionnaire-9 (PHQ-9), and the Impact of Event Scale-Revised (IES-R).
The FSS is a Likert scale consisting of nine items that assess fatigue severity and functionality during the past one week.
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Items are rated on a scale of 1 to 7 according to their level of agreement with a given statement, and include such statements as "I am easily fatigued" or "fatigue interferes with carrying out certain duties and responsibilities. " Values for each item were averaged for a composite score, with higher scores indicating higher levels of impairment from fatigue and fatigue was largely independent of self-reported depressive symptoms. 11 Using the Korean FSS 12 index of 3.22 as the cutoff point, sensitivity was 84.1% and specificity was 85.7% for the fatigue and control groups, respectively. Factor analysis showed first factor was recognition of fatigue and second factor was the interference of fatigue on functioning in physical, family and social area. 12 The PHQ-9 13 is used to monitor depression severity. The questionnaire consists of nine items based on the Diagnostic and Statistical Manual of Mental Disorders, fourth edition criteria for depression, scored from 0 to 3, providing a severity score ranging from 0 to 27. Accordingly, depression severity was defined as no depression (1-4), mild depression (5-9), moderate depression (10) (11) (12) (13) (14) , moderately severe depression (15) (16) (17) (18) (19) , and severe depression (20) (21) (22) (23) (24) (25) (26) (27) . The Korean version of the PHQ-9 is a reliable and valid tool for screening and assessing depressed patients (Cronbach's alpha coefficient=0.81).
14 The IES-R was designed to assess symptoms associated with PTSD following a traumatic life event (MERS infection in our study). Symptoms are measured on 22 self-reported items for a total subjective stress assessment that can be further divided into intrusion, avoidance, and hyperarousal subscales. Individual items describe difficulties associated with stressful events, and participants were asked to indicate the extent to which each item distressed or bothered them over the last 7 days using a rating scale of 0-4. A total score ≥25 is considered clinically significant. 15 
Statistical analyses
All statistical analyses were performed using the Statistical Package for Social Science 18.0 software (SPSS Inc., Chicago, IL, USA). We performed Paired T-test to examine significant changes in all mean scores over the time period. Pearson's correlation analyses were used to determine the relationships among chronic fatigue (T1 FSS), depression (T1 PHQ, T2 PHQ), and PTSS (T2 IES). The hypothesis that chronic fatigue affects PTSS through depression was examined using the serial multiple mediation model, which is a kind of multiple regression in the SPSS PROCESS macro. 16, 17 Serial multiple-mediated-effects analyses were conducted with 5,000 bootstrapping repetitions. Confidence intervals that did not include 0 were considered significant. All tests were two-sided. A pvalue <0.05 was considered significant.
Ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board of the National Medical Center (IRB No. H-1510-059-007). Informed consent was submitted by all subjects when they were enrolled. All participants were informed that they could withdraw from the study at any time. Table 1 presents the demographic and clinical characteris- In all, 23.08% of cases were healthcare workers when they were infected with MERS. The mean number of hospitalization days was 21.00 (SD=21.76). The mean number of days from symptoms to the confirmed diagnosis was 4.50 (SD=4.12), and the mean total days of illness was 23.00 (SD=27.11). About 36.54% (n=19) of participants had suffered from pneumonia, 19.23% (n=10) had been treated with a ventilator, and 3.85% (n=2) had been treated with extracorporeal membrane oxygenation during the acute MERS treatment period.
RESULTS
Changes in the number of subjects with clinically relevant symptoms over time are shown in Table 1 . The PHQ-9 scores indicated that 26.92% (T1), 17.31% (T2) of subjects had clinically relevant depressive symptoms. In addition, 48.08% (T1), 32.69% (T2) had clinically relevant chronic fatigue according to their FSS scores. In terms of the IES-R assessment, 42.31% (T1), 26.92% (T2) had scores above the cut-off point for PTSD. Table 2 shows the correlations among the variables of interest included in the hypothetical model. All correlations across the variables of interest were significant. FSS (T1) scores were positively correlated with scores on the PHQ-9 (T1, T2) and the IES-R (T2). Mean scores of all of the scales were lower at T2 than at T1. The mean FSS score changed significantly from 3.50 (SD=1.88) to 2.78 (SD=1.89), and that of the IES-R decreased significantly from 25.83 (SD=20.05) to 19.29 (SD=21.03). The mean score of the PHQ-9 decreased from 6.50 (SD=5.69) to 5.42 (SD=5.71) but we could not find significance.
The serial multiple-mediation model, which included T1 FSS, T1 PHQ-9, and T2 PHQ-9, accounted for 34.19% of the Table 3 , T1 FSS was associated with T1 PHQ-9 (B=2.2628, SE=0.2807, p<0.001) but not with T2 IES-R (B= 1.7808, SE=1.6945, p=0.2984) or T2 PHQ-9 (B=0.6871, SE= 0.4379, p=0.1229). Moreover, T1 PHQ-9 was associated with T2 PHQ-9 (B=0.5478, SE=0.1448, p<0.001) but not with T2 IES-R (B=0.6060, SE=0.6205, p=0.3336). On the other hand, T2 PHQ-9 was associated with T2 IES-R (B=1.7427, SE= 0.5342, p<0.01).
Moreover, bootstrap analyses revealed that the positive indirect effects of T1 FSS on T2 IES-R through T1 PHQ-9 and T2 PHQ-9 were significant (B=2.1601, SE=1.3268, 95% confidence interval=0.4250-6.1307) ( Table 3) . These results indicate that both T1 PHQ and T2 PHQ-9 fully mediated the effects of T1 FSS on T2 IES-R (Figure 1 ), which suggests that both T1 PHQ and T2 PHQ-9 eliminated the direct effects of T1 FSS on T2 IES-R.
DISCUSSION
Chronic fatigue 12 months post-MERS had indirect effects on prolonged PTSSs 18 months post-MERS via persisting depression in MERS survivors. This is in agreement with a longitudinal study 18 of anxiety, depression, and fatigue in patients with multiple sclerosis that showed that depression strongly predicts anxiety and fatigue, and that anxiety and fatigue strongly predict subsequent depression. Moreover, previous studies conducted on subjects who had experienced disasters noted that current depression is a predictor of PTSSs. 19 The rate of participants reported clinically significant symptoms in CFS (32.7-48.1%), depression (17.3-26.9%), and PTSD (26.9-42.3%) was comparable to that following SARS. 4 In a 4-year survey in Hong Kong, more than 40% of the respondents had active psychiatric illness, and 40.3% reported a chronic fatigue problem. 20 In addition, a cohort study that investigated psychiatric complications among SARS survivors 30 months after infection found that the prevalence of any psychiatric disorder was 33.3%; 25.6% of patients had PTSD and 15.6% had depressive disorders. 21 Moreover, MERS survivors shared similar psychopathologies as other disaster survivors 22 who reported varying rates of PTSD (30-40%), 23 depression (25%), and fatigue symptoms (50%). These findings suggest that EIDs result not only in physical problems but also psychiatric sequelae in infected persons because they might experience those as disastrous events. Fatigue is a prominent disabling symptom in a variety of medical and neurologic disorders. In EIDs survivors, the Coronavirus itself may have directly caused sleep disorders, fatigue, and behavioral symptoms, which in turn may have resulted in chronic post-inflammatory central nervous system pathologies that adversely affected sleep, pain sensitivity, and energy. 2 It is noteworthy that chronic fatigue syndrome (CFS) shares many symptoms with depression and the two are frequently co-diagnosed. 24 However, according to the study which measure the fatigue severity among patients with multiple sclerosis, patients with systemic lupus erythematosus, and healthy adults, fatigue was largely independent of self-reported depressive symptoms. 11 Despite this, the current study appears to be the only longitudinal examination of chronic fatigue, depression, and PTSSs in EIDs survivors.
We found that the severities of chronic fatigue and PTSS improved significantly but that of depression relatively unchanged throughout the study period. Although this was the short-term follow-up study, these results suggest we should give attention to the persisting depression during recovery period in MERS survivors. It would be important for clinicians to assess depression among EIDs survivors with CFS. Furthermore our findings suggest the need to promote interventional programs for MERS survivors with chronic fatigue to prevent prolonged PTSSs by ameliorate depression. Two pos- sible treatments for chronic fatigue syndrome (CFS) are cognitive behavioral therapy and graded exercise therapy. 25 There is less clear evidence of the benefit of drug therapy for CFS in patients without comorbid depression or anxiety disorders.
There were several limitations to this study. First, some sampling bias may have occurred, as <50% of the MERS survivors in Korea consented to participate in the study. It is possible that people who were heavily affected by MERS or who were experiencing mental health difficulties were more prone to participate in the research. In addition, mental health and fatigue symptoms were evaluated using self-reported measures that are not diagnostic in nature but result in assessments of symptomatology. However, these measures have demonstrated validity and reliability in Korea and are consistently correlated with more comprehensive diagnostic tools used to assess corresponding symptoms. Despite these limitations, the present study is the first to examine the relationships among chronic fatigue, depression, and PTSSs in survivors after the MERS epidemic in Korea.
In summary, this longitudinal study revealed that many MERS survivors suffered from chronic fatigue and mental health problems even more than 1 year after the outbreak in South Korea, although three scores showed a decreasing trend. The prevalence rates of CFS, depression, and PTSD were 32.7%, 17.3%, and 26.9%, respectively, 18 months after the MERS outbreak. Furthermore, chronic fatigue 12 months post-MERS had an indirect effect on prolonged PTSS 18 months post-MERS through depression among survivors. Our findings may inform future strategies for detecting survivors who are at high risk for PTSD and for promoting long-term mental health outcomes in the event of other EIDs.
